Objective: To examine the relation between consumption of ®sh and ®sh products registered by a comprehensive food frequency questionnaire and the composition of fatty acids in serum phospholipids. Design: Cross-section study. Setting: Cardiovascular screening centre in Trondheim, Mid-Norway. Subjects: Of 256 eligible women 242 agreed to participate in the present study. Altogether 234 middle-aged women (91.4%) completed the questionnaire and gave a valid blood sample. Results: Total frequency consumption of ®sh for dinner showed only weak association with serum phospholipid fatty acid composition. In separate analyses of lean and fatty ®sh, consumption of fatty ®sh was negatively associated with n-6 and positively associated with n-3 fatty acids in serum phospholipids, while no signi®cant associations were found for lean ®sh consumption. Cod liver oil consumption was strongly related to the phospholipid fatty acid composition. The associations improved moderately when adding portion size information. Spearman's correlation coef®cient between dietary intake of eicosapentaenoic acid (EPA) and serum phospholipid EPA was 0.58, and Spearman's correlation coef®cient between intake of docosahexaenoic acid (DHA) and serum phospholipid DHA was 0.53. Conclusions: This study suggests that in populations with a high consumption of ®sh and cod liver oil, habitual intake can be re¯ected in serum phospholipids. However, as the fat content of ®sh is highly variable, separate registration of lean and fatty ®sh consumption is needed. Sponsorship: Erna and Olav Aakre's Foundation, Tromsù, and the Norwegian Cancer Society (E96071). Descriptors: ®sh; cod liver oil; n-3 fatty acids; food frequency questionnaire; serum phospholipid fatty acids.
Introduction
The relationship between ®sh consumption and cancer risk has hardly been explicitly investigated in large scale epidemiological studies. A major challenge when trying to clarify the relationship is to get a proper registration of the ®sh consumed. Usually, in prospective cohort studies, the registration is done by self-instructive questionnaires. An evaluation of these questionnaires is important in order to ®nd out whether they do measure the consumption adequately.
One appealing approach is to use biochemical variables not burden with the same measurement errors as dietary questionnaires. When evaluating questions on marine food consumption, advantage can be taken of these food items' unique contribution to the intake of long chain n-3 polyunsaturated fatty acids, namely 20:5n-3, 22:5n-3, 22:6n-3. The intake of fatty acids may be re¯ected in various serum (or plasma) lipids, platelet phospholipids, and erythrocytes (Dougherty et al, 1987; Riboli et al, 1987) . It is therefore plausible that the content of n-3 fatty acids in different components of the blood is related to the consumption of ®sh and ®sh products (Ogunleiye et al, 1990; Silverman et al, 1990; Parkinson et al, 1994) . The fatty acid composition of serum phospholipids is assumed to be relatively resistant to short term changes in dietary intake (Riboli et al, 1987; Prisco et al, 1996) , and it exhibits a relatively high degree of tracking, with correlation coef®cients for samples drawn approximately four years ago in the order of 0.5±0.6 . Signi®cant associations between habitual ®sh consumption (meals per week) and content of n-3 fatty acids in plasma/serum phospholipids have been found even in populations where most of the ®sh consumed is lean and has a low content of n-3 fatty acids (Bùnaa et al, 1992; Vatten et al, 1993) .
As part of a large national prospective study on breast cancer we have developed a semi-quantitative food frequency questionnaire with detailed questions about consumption of ®sh and ®sh products. In the present study we evaluated these questions by elucidating the relation between consumption of marine food items and serum phospholipid fatty acid composition. Further, we investigated whether comprehensive questions on ®sh consumption predicted variations in serum phospholipid fatty acid composition better than two simple summary questions on lean and fatty ®sh intake.
Methods

Subjects
In the autumn 1995 the National Health Screening Service (SHUS) invited all inhabitants 40±42 y in the Trondheim area, Mid-Norway, to a cardiovascular screening. All women who attended this screening from the 13±22nd of November (n 265) were asked to participate in our study. This constituted a random sample, including pregnant women and women with diseases. Of the 265 attended women, nine were excluded due to insuf®cient knowledge of the Norwegian language or due to arrival after closing time. Of the 256 eligible persons, 242 (94.5%) agreed to participate after getting verbal and written information about the study, whereas 14 refused. The participants were asked to ®ll in an anonymous self-administered food frequency questionnaire and a 10 ml venous blood sample was taken. Six of the subjects did not complete the questionnaire, and two blood samples could not be analysed because of too small quantities of blood. Thus, 234 subjects (91.4%) are included in the analyses. The study was approved by the Regional Committee for Medical Research Ethics.
Food frequency questionnaire
Consumption of ®sh and ®sh products including cod liver oil was the main focus of the semi-quantitative food frequency questionnaire. Twenty-two questions on habitual ®sh consumption were grouped in the following categories: ®sh as spread on bread (mostly fatty species), lean ®sh ®let (cod, saithe, haddock, pollack), fatty ®sh ®let (salmon, trout, mackerel, herring, cat®sh,¯at®sh, red®sh), ®sh dishes (®sh cakes, ®sh pudding, ®sh balls, stewed ®sh, ®sh ®ngers, fried ®sh, ®sh soup, all made from lean ®sh, predominantly), ®sh liver and roe, and shell®sh. Seasonal variation in consumption of lean and fatty ®sh ®let were asked for as the supply may change through the year. A section concerning dietary supplements included questions about use of cod liver oil and ®sh oil capsules. Variation in cod liver oil consumption during the year was taken into consideration. Finally we included one summary question on lean ®sh for dinner and one summary question on fatty ®sh for dinner. The questionnaire also contained questions about other food items and alcoholic beverages.
The questionnaire was designed to be self-instructive. Nevertheless, the participants were invited to ask for assistance if needed, though only a few women did so. By request, most of the participants (n 169) ®lled in the questionnaire at the screening centre. The rest of the participants were to return the questionnaire by mail in a pre-stamped envelope, and 67 of 73 subjects did so. A visual inspection of the questionnaires con®rmed that they were all adequately completed and could be included in the analyses.
Dietary calculations
The subjects were asked to record how often, on average, they had consumed each food item during the past year, and to indicate the usual amount per consumption. A pilot study was conducted in order to obtain suitable frequency and amount categories for the questionnaire.
Frequency consumption: Typically, six or seven frequency choices were given for each food item, with response intervals adjusted to the food item in question, for example never/seldom, once a month, 2±3 times per month, once per week, twice per week, 3 times per week, 4 or more times per week. Frequency of consumption was calculated for each of the seven ®sh categories (lean ®sh ®let, fatty ®sh ®let, ®sh dishes, ®sh as spread, liver/roe, shell®sh, and cod liver oil/®sh oil capsules) by aggregating the frequency consumption of all food items consituting the individual categories. In addition, frequency consumption of lean ®sh ®let, fatty ®sh ®let, and ®sh dishes were pooled to give total frequency consumption of ®sh for dinner. For the summary questions frequency of consumption was calculated both separately (lean and fatty ®sh) and aggregated.
Missing answers were regarded as rare consumption (less than once a month) when different items were grouped together in broader categories, for example total lean ®sh ®let, but not when analysing single items (KuskowskaWolk et al, 1992) . The number of respondents may therefore differ from 234 in some of the analyses.
Daily intake of marine foods: The portion size per consumption was asked in natural or household units (for example pieces). Weights of the portion units were derived from a Norwegian weight and measures table (Landsforeningen for kosthold og helse, 1989). If a frequency was given without portion size indication, the smallest portion unit was assumed. Likewise, if a portion size was given without a frequency mark, the lowest frequency option (never/seldom) was chosen. If both frequency and portion size indication were missing, the food item was considered not consumed. Daily intake of different food items were computed by multiplying the frequency of consumption by the corresponding portion size. Further, total daily intake of marine foods except cod liver oil/®sh oil capsules was computed by aggregating the daily amount of all marine food items but cod liver oil/®sh oil capsules. As for the summary questions there was no information on portion size and daily intake of ®sh according to these questions was not computed.
Nutrient calculations:
Daily intake of n-3 fatty acids was calculated using fatty acid values from the Norwegian Food Table (National Nutrient Council, 1995) . The table lacks fatty acid values on some of the ®sh dishes, thus daily intake of EPA and DHA from these dishes had to be calculated from recipes. Moreover, the Norwegian Food Table contains data on cod liver oil but not on other ®sh oil supplements. The intake of n-3 fatty acids from ®sh oil capsules was therefore estimated by converting the ®sh oil capsules into units of cod liver oil, based on the EPA and DHA content in the different kinds of capsules.
Blood sample analyses
Non-fasting venous blood samples were drawn at the screening centre by SHUS. The samples were centrifuged and serum separated and transferred to te¯on lined screwcapped vials within 1±4 h. Serum samples were kept at 4 C for 2±6 h before delivered to the Regional Hospital, University of Trondheim, and stored at 780 C until analysed. The serum phospholipids fatty acids were analysed essentially as described previously (Bùnaa et al, 1990) . Serum lipids were extracted with n-butanol (Bjerve et al, 1974) and phospholipids isolated from the lipid extracts using Sep-Pack C18 columns. Diheptadecanoyl-glycerophosphocholine and butylated hydroxytoluene were added as internal standard and antioxidant, respectively. Phospholipids were transmethylated and fatty acid methyl esters quanti®ed as mg fatty acid/l serum by gas liquid chromatography on a SP2330 column (Supelco Inc., Bellefont, PA) (Bjerve et al, 1987) . A normal human serum sample was included as control to monitor the analytic performance. The day-to-day coef®cient of variation for 20:4n-6, 20:5n-3 and 22:6n-3 fatty acids were 3.8, 3.7 and 4.7%, respectively.
The following notation of the fatty acids is used: the ®rst ®gure indicates chain length, the second the number of double bonds, and n-the position of the ®rst double bond counting from the terminal methyl group. The results of the blood tests are expressed as weight percentage of total fatty acids and as mg/l.
Statistical analyses
Statistical analyses and nutrient calculations were done by the SAS software package (SAS Institute, 1996) . All reported P values are two-sided. A signi®cance criterion of P`0.01 was used because of the large number of tests performed. The distribution of the serum phospholipid fatty acids and of the frequency consumption of ®sh and ®sh products showed suf®cient normality. Dietary data expressed as daily intake of marine foods (g/d) and as dietary intake of EPA and DHA (g/d) was, however, skewed to the right. To assess the relation between serum phospholipid fatty acid content and dietary data Pearson's correlation coef®cients were calculated when the variables were normally distributed, otherwise Spearman's correlation coef®cients were used. Analysis of variance was performed by using the general-linear-models procedures. The data were ®rst analysed as a whole, and subsequently strati®ed by use and no-use of cod liver oil/®sh oil capsules. Multiple linear regression analysis was applied to examine simultaneously the effect of all ®sh items, including cod liver oil/®sh oil capsules, on the phospholipid fatty acid composition. Residual plots were made to examine the assumptions of the multiple regression model.
Results
The serum phospholipid content of selected fatty acids expressed as weight percent of the total fatty acids analysed and as mg/l is presented in Table 1 . The proportion of docosahexaenoic acid (DHA, 22:6n-3) was 3.5 times greater than the proportion of eicosapentaenoic acid (EPA, 20:5n-3). The content of serum phospholipid DHA and EPA was highly correlated both when expressed as weight% and as mg/l, r 0.73 and 0.74, respectively (both P`0.001).
All of the 234 participants sometimes consumed ®sh or ®sh products, except for two people that were allergic. Fish for dinner was served almost every second day, 14.3 times per month. Fish dishes were most frequently eaten (8.0 times per month), followed by lean and fatty ®sh ®let, 4.3 and 2.0 times per month, respectively. The average number of hot dinner meals was 31.7 per month. Fish liver and/or roe, which are traditionally served as side dishes to poached cod, were consumed on average 3.5 times a year. Fish products as spread were used on 3.5 slices of bread per week, with caviar from cod roe as the most popular choice. Mean frequency consumption of shell®sh was nine times a year. Forty percent of the women reported taking cod liver oil (n 88) and/or ®sh oil capsules (n 9). It was about equally common to use cod liver oil throughout the whole year (n 41) as during the winter only (n 47).
Frequency consumption of marine food items and serum phospholipid fatty acids
The frequency consumption of different ®sh items was associated with the fatty acid composition of the phospholipids (weight%) as given in Table 2 . Total frequency consumption of ®sh for dinner tended to be positively related to the content of n-3 fatty acids, but the relation was not signi®cant at a 1% level. Evaluating the frequency consumption of lean ®sh ®let, fatty ®sh ®let and ®sh dishes separately revealed large differences between the different categories. Lean ®sh ®let and ®sh dishes did not correlate signi®cantly with any of the fatty acids analysed (data not shown). Fatty ®sh ®let, on the other hand, turned out to be signi®cantly negatively correlated with the content of several n-6 fatty acids and positively correlated with the content of all n-3 fatty acids, except from a-linolenic acid ( Table 2 ). The frequency consumption of ®sh as spread and liver/roe was positively related to the proportion of DHA and to total n-3 fatty acids. Moreover, frequency consumption of shell®sh was negatively related to the total proportion of n-6 fatty acids, and positively related to the proportion of EPA and total n-3 fatty acid. The frequency consumption of cod liver oil/®sh oil capsules showed a strong negative association with the content of n-6 fatty acids and a strong positive association with the content of n-3 fatty acids. The strongest association was found for EPA (r 0.48), though there was a substantial association with DHA as well (r 0.38) (both P`0.001).
One way analysis of variance indicated no signi®cant variation in serum phospholipid fatty acid composition between quartiles of lean ®sh ®let, ®sh dishes or total ®sh for dinner consumption (data not shown). However, when looking at the frequency consumption of fatty ®sh ®let the relative percentage of both single and total n-6 and n-3 fatty acids varied signi®cantly between groups (Table 3 ). The relative content of EPA and DHA increased by 42.5% and 19.5%, respectively, from the lowest to the highest quartile of fatty ®sh ®let consumption. Similar results were found for frequency consumption of ®sh as spread (data not Serum phospholipid fatty acid composition A Hjarta Êker et al shown). The relative content of DHA also varied between groups with different consumption of liver/roe (P`0.01).
Owing to relatively low consumption of shell®sh this item was divided into two categories only (use and no use). Women who ate shell®sh had signi®cantly lower relative content of 18:2n-6 and lower total proportion of n-6 fatty acids (both P`0.01) in their phospholipids than women who did not eat shell®sh (data not shown). The most signi®cant differences in n-6 and n-3 fatty acid composition were seen when looking at the consumption of cod liver oil/ ®sh oil capsules. Dividing the consumption into use and no use (Table 3) displayed that subjects taking cod liver oil/ ®sh oil capsules had signi®cant lower relative percentage of n-6 fatty acids and signi®cant higher relative percentage of n-3 fatty acids than subjects who did not take any n-3 fatty acid supplement. The associations between fatty acid composition of the phospholipids and quartiles of ®sh consumption did not change systematically when controlling for use of cod liver oil/®sh oil capsules. When analysing users (n 94) and non-users (n 140) of cod liver oil/®sh oil capsules separately, the relative content of EPA and DHA were signi®cantly associated with fatty ®sh ®let frequency consumption among nonusers only (both P`0.01) ( Table 4 ).
In multiple linear regression models including all ®sh items and cod liver oil/®sh oil capsules, fatty ®sh ®let and cod liver oil/®sh oil capsules remained signi®cantly associated with the n-6 and n-3 fatty acid composition of the serum phospholipids (Table 5) . Moreover, ®sh as spread Table 3 .
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showed a linear relation with 22:4n-6 (P`0.01) in the adjusted analysis (data not shown). The multiple regression model explained a larger proportion of the variability in serum phospholipid EPA than in DHA. Consumption of alcoholic beverages (beer, vine, spirits) was correlated with the total amount (mg/l) of fatty acids in the phospholipids (r 0.17, P`0.01). However, including this variable in the multiple analysis had virtually no effect on the results.
Daily intake of marine food items and serum phospholipid fatty acids
In general, the associations between consumption of ®sh and ®sh products and serum phospholipid content of n-3 fatty acids were moderately strengthened when information on portion size was added to the frequency of consumption, i.e. expressing the dietary data as g/d and the fatty acids as mg/l (Table 6 ). The largest improvement was seen for ®sh as spread, though stronger associations were also obtained for fatty ®sh ®let, liver/roe, and shell®sh. As for lean ®sh ®let, ®sh dishes, and total consumption of ®sh for dinner no signi®cant improvements were achieved by adding portion size information. When estimating daily intake of all marine food items (median 81.3 g/d) except cod liver oil/ ®sh oil capsules a signi®cant positive correlation was seen with the serum phospholipid fatty acid content of both EPA, DHA, and total n-3 fatty acids (r 0.20, 0.19, and 0.20, respectively, all P`0.01) . The correlation between intake of cod liver oil/®sh oil capsules and serum phospholipids n-3 fatty acids was somewhat weakened when information on portion size was included, but still highly signi®cant.
Daily intake of n-3 fatty acids from marine food items and serum phospholipid fatty acids Median daily intake of EPA and DHA from all marine food items including cod liver oil/®sh oil capsules was 0.18 (mean 0.30) and 0.27 g (mean 0.41), respectively. Spearman's correlation coef®cient between calculated intake of EPA (g/d) and serum phospholipid content of EPA (mg/l) was 0.58, and the correlation coef®cient between intake of DHA and serum phospholipid content of DHA was 0.53 (both P`0.001). Daily intake of EPA and DHA were also both strongly associated with the total content of n-3 fatty acids in the serum phospholipids (both r 0.57, P`0.001).
Frequency consumption of ®sh registered by the summary questions and serum phospholipid fatty acids The summary question on lean ®sh for dinner (n 232) and the summary question on fatty ®sh for dinner (n 221) estimated average frequency consumption at 4.4 and 1.9 times per month, respectively, which is about the same frequencies as found with the more comprehensive questions. There was no signi®cant association between frequency consumption of lean or fatty ®sh for dinner estimated by the summary questions and serum phospholipid fatty acid composition. The aggregated frequency consumption of lean and fatty ®sh for dinner from the summary questions, tended to correlated positively with the relative content of DHA and total n-3 fatty acids (both r 0.14), though the relations were not signi®cant.
Discussion
In the present study we found that habitual intake of ®sh and ®sh products could be mirrored in the serum phospholipid n-3 fatty acid composition when using a new, comprehensive food frequency questionnaire. The degree of association seems to be related to the content of n-3 fatty acids in the ®sh consumed. The frequency consumption of lean ®sh ®let and ®sh dishes with a low content of fatty acids (National Nutrition Council, 1995) was hardly related to the n-3 fatty acid composition of the serum phospholipids, while the frequency consumption of fatty ®sh ®let showed a signi®cant positive relation. Similar results have *P`0.01; **P`0.001. Table 6 Spearman's correlation coef®cients between daily intake of different food items (g) and serum phospholipid content of selected fatty acids (mg/l) (n 234) n 228. *P`0.01; **P`0.001.
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A Hjarta Êker et al been reported for total serum fatty acids (Iso et al, 1989) . In our study the consumption of lean ®sh (®let and dishes) markedly exceeded the consumption of fatty ®sh, and the total consumption of ®sh for dinner was only weakly and not signi®cantly related to the n-3 fatty acid composition of the serum phospholipids. An earlier study of 58 Norwegian women (Vatten et al, 1993) showed a much closer relation between total numbers of ®sh meals per week and relative content of EPA, DHA, and total n-3 fatty acids in the serum phospholipids (r 0.33, 0.58 and 0.53, respectively). More frequent consumption of fatty ®sh may partly explain the stronger correlations, but unfortunately no information about the distribution of lean and fatty ®sh is given. However, as the Norwegian ®sh consumption was even more dominated by lean ®sh at the time of data collection (1977±78) than it is today, we doubt this is the only explanation. Changing accessories to ®sh, for example cod liver might be of some importance.
Food frequency questionnaires may or may not contain questions on portion size. In our study the associations between self-reported ®sh intake and serum phospholipid fatty acid composition improved when information on portion size was added, although moderately. A much stronger improvement was achieved when ®sh intake was converted to daily intake of n-3 fatty acids. Parallel ®ndings were demonstrated by Andersen et al (1996) using a quantitative food frequency questionnaire containing several questions on ®sh consumption; total n-3 fatty acid intake (g/d or % of total fat ingested) correlated considerably stronger with the n-3 fatty acid content of the serum phospholipids (mmol/l or % of total fatty acids) than did ®sh intake (g/d) (r approximately 0.50 and 0.30, respectively). Utilising different modi®ed versions of a food frequency questionnaire Silverman et al (1990) and Ma et al (1995) have reported correlation coef®cients between calculated n-3 fatty acid intake and serum phospholipid fatty acid composition of very different magnitude (r ranging from 0.19±0.50). Also when the intake of n-3 fatty acids has been calculated from other dietary methods (dietary history, recall) a signi®cant correlation with the n-3 fatty acid composition in the phospholipids has been found (r ranging from 0.32±0.41) (Houwelingen van et al, 1989; Bùnaa et al, 1992) . Though the intake of n-3 fatty acids in these studies is calculated not only from consumption of ®sh and ®sh products, but from other food items as well, the obtained correlation coef®cients are somewhat lower than those observed in our study. The strength of the correlations does not seem to be related to the intake of n-3 fatty acids.
Cod liver oil, very rich in EPA and DHA (8.82 and 10.44 g/100 g, respectively), has been recommended by the Norwegian Health Authorities for several decades. Almost 1 out of 5 of the participants consumed cod liver oil throughout the whole year, and an additional 1 out of 5 reported taking it during the winter months. The use of other kinds of ®sh oil supplements (capsules) was, on the other hand, negligible (n 9). The grouped consumption of cod liver oil/®sh oil capsules was highly associated with the composition of the serum phospholipids, in particular with the content of EPA. A stronger relation to EPA than to DHA was also found for fatty ®sh ®let consumption, but the difference was not as pronounced. This is in accordance with the higher EPA/DHA ratio found in cod liver oil compared with the ratio found in fatty ®sh (National Nutrition Council, 1995) .
Because of the close association between consumption of cod liver oil/®sh oil capsules and the composition of serum phospholipid fatty acids, separate analyses for users and non-users of cod liver oil/®sh oil capsules were performed. This revealed that the relation between consumption of fatty ®sh ®let and n-3 fatty acid composition was stronger among non-users, indicating that the in¯uence of fatty ®sh is less when consuming cod liver oil/®sh oil capsules. Interestingly, among non-users the content of EPA and DHA increased with 50.0% and 21.5%. respectively, from the lowest to the highest quartile of fatty ®sh ®let consumption. According to these results, a raised content of EPA and DHA in the serum phospholipids can be obtained not only by use of cod liver oil, which is unacceptable to large groups of people because of its taste, but also by increasing the consumption of fatty ®sh. Roughly speaking, one portion of fatty ®sh for dinner (150 g) provides the same amount of EPA and DHA as one spoon of cod liver oil (11 g). In our study, women not using cod liver oila®sh oil capsules but who consumed fatty ®sh for dinner once a week or more often had approximately the same level of EPA and DHA in their phospholipids as women using cod liver oil/®sh oil capsules but who did not eat fatty ®sh for dinner.
In addition to the smaller rise in serum phospholipid DHA than in serum phospholipid EPA when increasing the consumption of ®sh and when taking cod liver oil/®sh oil capsules, we found that a lower proportion of the variability in serum phospholipid DHA than in EPA could be explained by the consumption of ®sh and ®sh products. Similar results have been published by others (Bùnaa et al, 1992; Vatten et al, 1993) . More rigorous homeostatic regulation of DHA than of EPA, and preferential incorporation of DHA over EPA into adipose tissue has been indicated (Leaf et al, 1995) . The hypothesis of a stronger homeostatic regulation of DHA than of EPA is partly supported by studies comparing populations with high vs low consumption of marine foods. In a study among Greenland Eskimos and Danes the concentration of plasma phospholipid EPA was highly different in the two populations, whereas the concentration of DHA was the same (Dyerberg et al, 1975) . Comparison of serum phospholipid fatty acid patterns in Japanese and Americans has, on the other hand, shown the largest dissimilarity for DHA (Yamori et al, 1985) .
Like other Norwegian papers (Bùnaa et al, 1992; Vatten et al, 1993 ) the present study shows a high serum phospholipid content of EPA and DHA compared with values reported from other Western populations (Houwelingen van et al, 1989; Phinney et al, 1991; Leaf et al, 1995; Ma et al, 1995) . It is, however, lower than ®gures observed in Japan (Yamori et al, 1985; Takahashi et al, 1991) . Likewise, the Norwegian consumption of ®sh and ®sh products is considerably higher than in most Western populations (Houwelingen van et al, 1989; Holst, 1991) , but not as high as in Japan (Tominaga & Kato 1992; Iso et al, 1989) . This indicates that serum phospholipid fatty acids can re¯ect the intake of n-3 fatty acids, and that stronger associations might be achieved if the range of exposure is widened.
In the present study only information about sex, age, alcohol habits, and ®sh consumption was given in addition to the venous blood sample. Sex and age, which are the characteristics most often taken into consideration (Holman et al, 1979; Takahashi et al, 1991) were the same for all participants in our study. Other factors may in¯uence the serum phospholipid fatty acid composition. Adipose tissue serves as a reservoir of n-3 fatty acids (Leaf et al, 1995) , and knowledge of body weight could be relevant. Bùnaa et al (1992) and Ma et al (1995) included body mass index (kg/m 2 ) in their analyses, but did not observe any signi®-cant in¯uence on the results. Phinney et al (1991) have reported no differences in serum phospholipid n-3 fatty acids between obese and normal subjects. Chronic disease status does not seem to affect the n-3 fatty acid composition of serum phospholipids (Ma et al, 1995) . Cigarette smoking was inversely related to serum level of phospholipid DHA in a recent paper (Simon et al, 1996) , whereas others have found no effect (Bùnaa et al, 1992; Ma et al, 1995) . No association between alcohol consumption and serum phospholipid fatty acids could be detected in our study, except for a positive correlation with total amount of fatty acids (mg/l). The consumption of alcoholic beverages has been of minor importance in other studies as well (Bùnaa et al, 1992; Ma et al, 1995; Simon et al, 1996) . Finally, adjustment for n-6 fatty acid intake could effect our results as dietary intake of n-6 fatty acids inhibits n-3 fatty acid metabolism (Holman, 1986) . However, the intake n-6 fatty acids could not be calculated on the basis of the ®sh consumption questions alone.
The summary questions on lean and fatty ®sh for dinner estimated average frequency consumption similarly to the comprehensive questions. However, the two summary questions were not able to relate ®sh intake to the serum phospholipid fatty acid composition. This is worth noticing as many questionnaires with the objective of assessing habitual food intake' contain only a few questions on ®sh consumption. When trying to elucidate the relation between diseases, for example breast cancer, and ®sh consumption this may not be speci®c enough.
Conclusions
The present study suggests that habitual ®sh consumption registered by our semi-quantitative food frequency questionnaire can be re¯ected in the serum phospholipid fatty acid composition. However, as the fat content of ®sh is highly variable, consumption of lean and fatty ®sh should be reported separately. Information on ®sh species seems to be more important than information on portion size. Cod liver oil is the single item most strongly related to the serum phospholipid fatty acid composition, and should always be taken into account when studying populations where a frequent use is expected.
